For critically important power systems, some repair works should be performed by one repair brigade at the same time. Conditions for performing different works are often characterized by uncertainties. In practice, the term is given for each work, and possible damages exist if the performance of works is not well-timed. Taking into account these factors, the sequence of performing heterogeneous repair works essentially influences the safety and/or efficiency of the power system. The method of rational dispatching of the sequence of heterogeneous repair works considering the requirements of timeliness for their performance is proposed in this paper. The rational sequence of works is established by criteria of minimizing integral damages based on the best choices from different dispatcher technologies and their parameters (such as distribution of work call types by priorities, distribution of call priorities into groups, appointment of technologies inside groups). A possible effect is demonstrated by an example.
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INTRODUCTION
In general, conditions of critical power system operation are characterized by a high level of uncertainty. Because of uncertainty, a set of calls for heterogeneous repair works appears, and each work should be performed in time. For one repair brigade, the daily number of calls for repairing may be estimated by dozens. In practice, the sequence of calls for performing works is defined, as a rule, by the repair brigade as it is convenient or under subjective instructions of the chief. Often there is no purposeful system coordination with the general situation, frequency of occurrence of other heterogeneous calls, time of performance of repair work, and possible damages which can follow because of delays and exceeding the repair terms.
40-50 years ago, the repair brigades were considered by the queueing theory as an example of serving systems for performing the flow of repair calls [1] [2] [3] [4] . But this is not the case anymore. In the present article, a possibility of increasing the relative portion of well-timed performance of calls at the expense of optimization of the sequence of their performance is researched. The proposed method is based on the comparison and rational use of essentially differing properties of the following dispatcher technologies: technology for performing calls by the consecutive order "first in, first out" (FIFO) without priorities, technologies with relative and absolute priorities, technology of batch performing, and the multi-parameter technology with a combination of the listed technologies (the two last technologies have been researched earlier by authors of this article in other applications [3, [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] ).
ABOUT TYPICAL AND PROPOSED DISPATCHER TECHNOLOGIES
The typical mode of repair for power systems is the following. A repair brigade performs gathered calls for operating repair during a shift (or several shifts). A shift can proceed a day, halfday, 8 hours or another established period of time. In the context of this article, brigades are considered to be one continuously working brigade for serial performing calls, i.e. the brigade operates as a one-linear system of serial service of the calls flow. Because of a large load, a queue of calls can be accumulated. The formal order of a choice from the queue of calls is called a dispatcher technology. Indeed, the method of rational dispatching a sequence of heterogeneous repair works (based on the optimized dispatcher technology and other parameters) allows to meet the given system requirements for timeliness for all work calls. The next four typical dispatcher technologies and their specific properties and the proposed 5th multi-parameter dispatcher technology are considered.
According to the technology 1 (Technology 1) all calls are performed by the consecutive order "first in, first out" (FIFO) without priorities. Its main property is that the average delays for all calls are identical. According to the technology 2 (Technology 2) calls are performed with relative priorities, numbered from 1 (the highest 1st priority) to I (the last lowest priority). Calls of higher priority have advantage against calls of lower priority, namely: among the calls waiting the beginning of performing, calls of higher priority are performed ahead of calls of lower priority. The calls with the similar priority are performed in the order FIFO. The call of higher priority cannot interrupt the call performing with lower priority. It means that the brigade always leads up the begun repair to the end, despite arrival of a new call with higher priority. The main valuable property of Technology 2 is that average delays of repair by calls of the lowest priority are 3-5 times longer (delay can be 10 and more times longer for high loading) than delays of calls of higher priority. According to the technology 3 (Technology 3) calls are performed with absolute priorities. In difference from Technology 2 new calls of higher priority absolutely interrupt the performance of calls with a lower priority. The calls with the similar priority are performed in the order FIFO. The interrupted call will be completed from the interrupted point. It means the brigade interrupts the begun repair for the call with lower priority after arrival of a new call with higher priority. The brigade carries out the completion of the interrupted repair after the completion of all calls with higher priorities. The main valuable property of Technology 3 is the following: the average delays of repair by calls of the lowest priority are 10-20 times longer (delay can be 50 and more times longer due to high loading) than delays of calls of higher priority.
According to the batch technology 4, calls are performed with the natural formation of batches and relative priorities in a batch. The first arrived call forms the first batch. The next batch is formed of the calls which have arrived during the total performing time of the previous batch. The next batch of calls starts to be served at once after complete performance of all calls of the previous batch. In the batch which has arrived on service, the first call of the highest priority begins to be performed. After finishing the complete performance of this call, another batch calls are performed in the serial order FIFO. Repair by all calls which have entered the served batch is carried out without interruptions, irrespective of new arriving calls. The main valuable property of Technology 4 consists of the following aspects: if for Technologies 2 and 3 the calls of higher priority have an overwhelming advantage, for Technology 4 this advantage is sharply reduced. As a result, the average delays of calls of the lowest priority considerably decrease and exceed the delays of calls of higher priority no longer than 3 times. This valuable property can be effectively used in Technology 5, allowing to combine Technologies 2, 3, and 4.
The proposed Technology 5 is a combination of Technologies 2, 3, and 4. For Technology 5, all calls are divided into n groups. Calls of the g-th group have higher priority than calls of the e-th group if g < e (e, g = 1,…, n). In each group the priorities of calls are relative. For performing calls of g-й groups, one technology D gr. (by Technology 2 or 4) is established. Between calls, e-й and g-й groups are appointed relative (see Technology 2) or absolute priorities (see Technology 3) (Fig. 2) . As a result of optimization of parameters (such as distribution of call types by priorities, distribution of call priorities in groups, appointment of technologies inside groups) the combined Technology 5 is capable to possess in various degrees the valuable properties of Technologies 2, 3, and 4, see Fig. 3 .
THE IDEA FOR OPTIMIZATION
Thus, a possible effect is justified by the system use of properties and reserves of dispatcher technologies in the given time limitations to finish all repair works in time (see delays specific for Technologies 1-5, Fig. 3 ). It allows to reduce total damages at the expense of rational manipulation of delays.
As a result of total comparison by using formal criteria for each shift, the most rational technology and optimized parameters (for dispatching the sequence of calls performance), on which the minimum of negative consequences is reached with limitation of admissible time for performing heterogeneous repair works, can be revealed.
FORMALIZATION FOR ESTIMATION OF POSSIBLE DELAYS
From the point of engineering view, the processes of performing repair works by one brigade are formalized as serving processes of Poisson flows of heterogeneous calls in the one-linear system (М/G/1/∞) [1] [2] [3] [4] [5] [6] with dispatcher technologies 1-5. Heterogeneity of repair work is shown in various average time of calls processing and/or in various admissible terms for calls completion considering delays. The calls flows of the same type as a rule constitute a compound flow from different sources. In practice, each flow frequency is very low in comparison with the compound flow. In such a situation the theorem of Hinchin-Grigolionis [7] is applicable, according to which the compound flow is a Poisson flow. 
where
Here Т full.i and Т full.i2 are according to the 1st and 2nd moments of full performing time of calls of i-th type taking into account delays. For estimations of these metrics (Т full.i and Т full.i2 ) with reference to Technologies 1, 2, and 3 it is purposed to use classical models of the queueing theory [1] [2] 4] . For Technologies 4 and 5, the formulas received earlier in works [3, [5] [6] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] are applicable. Thus, frequencies of arriving calls (λ i ) and the average time of performing calls of i-th type (β i1 ) form an input for modelling. Evaluations can be carried out with the use of software tools complexes, for example the software tools Complex for Evaluation of Information Systems Operation Quality (CEISOQ) -"know how" (registered by Rospatent N2000610272), "Mathematical modelling of system life cycle processes" -"know how" (registered by Rospatent N2004610858), "Complex for evaluating quality of production processes" (registered by Rospatent N2010614145) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
THE METHOD FOR OPTIMIZATION
The following method of rational dispatching a sequence of heterogeneous repair works is proposed:
A sequence of performing heterogeneous repair works is the most rational for a repair brigade according to the technology (from Technologies 1-5) and with those parameters on which the minimum of total expected damage is reached. The following formalization is proposed: to find the minimum of total expected damage within limits of time admissible for performing heterogeneous repair works set by criterion 1 or 2 (defined below) and define the best technology and its parameters for this minimum:
, (3) where:
λ i -frequency of arriving calls of i-th type, λ = ∑
; R i (Т given.i ) -probability of exceeding the requirements of timeliness for performing calls of i-th type; Definition of criterion 2: Works of i-th type are considered to be well-timed if probability of welltimed performing of works by calls of i-th type during the required term T given i is not below admissible probability Р tim.i = Р (t full.i ≤ Т given.i ) ≥ Р adm.i , where the random variable t full.i characterizes the full time for performing works of i-th type taking into account delays. The criterion 2 sets most stringent conditions (as a rule Р adm.i ≥ 0.8) and is used when completion of called works should be finished strictly before the required time.
At the formation of input data for evaluation, the frequency of arriving calls of i-th type is defined for the last period of time (for example, for a week or month with a proper quantity of calls for repair works) as the ratio of the quantity of calls to the duration of the considered period.
The solution of the optimization problem is carried out before the beginning of each shift and is valid during the shift.
The optimization is carried out by modelling and estimation of values R i (Т given.i ) = 1 -Р tim.i (Т given.i ) with the use of formula (1) by search of all possible dispatcher technologies and variants of parameters (such as distribution of call types by priorities, distribution of call priorities in groups, appointment of technologies inside of groups). The most rational sequence of performing heterogeneous repair work is the sequence that corresponds to the dispatcher technology with the parameters for which the total expected damage is minimal.
EXAMPLE OF RATIONAL DISPATCHING
Let's assume that a large power system considers the ways of increasing system efficiency at the expense of decreasing the cost of repairs. 7 types of repair works are characteristic of the system, for example, according to IEC 61508-2 "Functional safety of electrical/electronic/programmable electronic safety-related systems -Part 2: Requirements for electrical/electronic/programmable electronic safety-related systems", these may be: 1st type -repair of input devices, including primary sensors, trip initiating values (set-points) of all inputs; 2nd type -repair of alarm functions; 3rd type -repair of functions of all final control elements and output modules; 4th type -repair of the function of user-initiated diagnostics; 5th type -repair of operations causing the demand requiring compensating measures, the correct use of compensating measures to prevent unsafe state and/or reduce the consequences of specified hazardous events; 6th type -repair of the function of the manual trip to bring the system to its safe state; and 7th type -repair of complete system functionality.
Let the exceeding of given terms leads to the same damages for each type of repair, i.e. U i = U. The repair brigade performs works by Technology 1 (FIFO) or by batch technology 4 (forming batches of arrived calls and performing works without interruptions). For the expired month frequencies of arriving calls (λ i ), average time of performing calls of i-th type (β i1 ) by a repair brigade, and requirements to terms of performing all works form the input data for modelling. The terms for the first types (1) (2) (3) (4) (5) (6) are defined as harder requirements by criterion 2, and the terms for type 7 by criterion 1 (see the Table) .
It is required to do optimization of the sequence of performing heterogeneous repair works and to estimate the effects reached.
Considering that the expected value of the missed benefit in the conditions of the example is identical (equal to U), the total expected damage can be transformed to the form:
where C is a relative portion of well-timed performed calls
For modelling and estimations, software tools complexes CEISOQ [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Results of the analysis have shown that at the expense of the choice of rational dispatcher Technology 5 and its optimizing parameters the relative portion of well-timed performed calls is 3 times greater in comparison with the today applied Technologies 1 and 4. And the value of damages can be really reduced! It is because calls of 5-7th types are formed and performed in a batch (in which relative priorities without interruptions are used), but the performance of these batch calls can't be interrupted by arrival of more urgent calls of 3rd and 4th types. In turn, arriving calls of 1st and 2nd types interrupt performance of calls not only of 5-7th types, but also of 3rd-4th types. But calls of the 1st type cannot interrupt the performing of 2nd type calls because only relative priority is used. Technology 3 is not optimal because the calls of 6th and 7th types are not well-timed. Certainly, in practice different interruptions in works are not always possible (i.e. the real effect will be a little bit low), nevertheless this effect taking into account real limitations can be estimated and it will be essential.
Note: For systems for which delays in performing repair works are insignificant, there can hardly be high practical effect from the use of the proposed ideas (the effect should be evaluated). The calls of all types are not well-timed 
CONCLUSIONS
The proposed method of rational dispatching of a sequence of heterogeneous repair works uses the specific properties of the following dispatcher technologies: technology for performing calls by the consecutive order FIFO without priorities (Technology 1), technologies with relative (Technology 2) and absolute (Technology 3) priorities, and technology of batch performing (Technology 4). The matter is, for Technology 1 the average delays of all calls are identical, for Technology 2 the average delays of the lowest priority calls are 3-5 (and may by up to 10) times longer, and for Technology 3 even 10-20 (and may by up to 50) times longer in comparison with calls of higher priority; on the other hand, for Technology 4 the average delays of calls of the lowest priority considerably decrease and exceed delays of calls of higher priority no more than 3 times. These differences are used for creating a multi-parameter combined Technology 5 that may possess all the listed properties.
The method for optimization is formulated. Effects on heterogeneous repair works performing are based on finding those parameters according to which the minimum of total expected damage is reached in admissible time. In practice, the relative portion of well-timed performed calls may be increased approx. 2-3 times, in comparison with the today applied dispatching technologies.
